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Experimentel results ere prassnted on the megnituds asd dis-
tribution of the pressure-time blast loading rvesulting from futarnmal
blests on the wsllas of partially vented exclosures. Euxpovisests
were conducted using 1/6 scsle stesl modole of typical storege
cubicles subjectad to the imtornal dztonsticn of epherical bare
pentolite ciharges. The priseipal varisbles wore: ¢he charge siug,
its locetion within ths eucloged egpsece, end the shape of the
enclosed spece.
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Thie work was condurted under BUWEPS Task Ho. EIR®.3-E-000/
216-1/F008-10-004 to stody the blest loading on dividing walls,
resulting from internsl ¢xplosions, with a view to providing the
bleez loading informstion reguired for epscifying design criteria
for explosive storago and wamufocturing facilities.

Thio cepozt is based on & ssries of teste conducted by
P. D. dlemen, W, Crzchenm end C. F. Johosos of the Warkesd snd Terminsl
$ullictice Laboratory.

eknovlodgement {0 givin to K. A%t &nd 6. ¥. Camnill of the
itation end Analysis Lalsvalory for their sugsestions in teag
» 5nd the otatistical imterpratsticn of ihe test dats.
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Tals zozort has been reviewsd by the following perscamel of
the Esthead snd Terminal Balilistics Laboratery:

J. C. TALIE®, Hssd, Sesasvch Bivision
0. B. HeEENEIR, Asaistent Bivector
B, 1. ROSEBAGERD

fa/ BRALEH A. UIEANW
deting
Tochaical Uiresctor
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Thuis 12 a report of an ampavimentsl iovestigetisn to dsterming
the magnituds and distributien of loade resulting from intermal
blast cn the walle of & partinlly vented enclosure. The effects
of air blast in free air and in completely enclessd gpocen have
baen studied both experimentally end amalyzically (sse refegeaces (2)
and (2)). The ggplication of thege dsta ¢o blast in purtisily wvested
enclosures, however, is subject to some umcertaiamty, particularly
vhen uandstonated volumes of charge are &n appreciedle frasties of
the enclosure voiwme. The teuts deszcribad herein wore conducted ¢o
furnish directly gpplicable duts and to provids a boteter vaderatsnd-
ing of phencmsna {nvolved.

The teste were designed to furnish data forv uzs i{n the cuple-

sive storage dividing wall probles. Various {%cmp sestaintng high
explosive chargee are cozmsnly stored in epeces ¢hich are Weﬁ
from adjccent storage spases by dividing walls., %ho primecy Purooss
of the dividing wall {s ¢o prevest chatn dstossdion in sase of %wa
detonation of gny stored item, Vor econsmy of sofuided ctorsgs
fecility and land 1t 4o dssivable to ot the awplissiva storsdn ligie
as high as possible consisgtent with e:%& gﬁ‘m&%ﬁ%m o8 chaln £otonp.
cions, Full gcale teste hawe vaveals SEsey
cusly made estimates of cuplosive 5%
st least two probless imwelved: ene 49 $o prodist ohat ¢he &“@%«
sive limit for a given design will Wo; the ofber is to dusigs ﬁe&
1seger explesive ligits, elther by eodificaticn of stopase Gpeoes

in boing, oz by oy construction,

Btorege facilities are commpaly cohpieucsod v ehe few of o
_wow of rectanguler cubiclas of reinfurced cossrele with weefe a2
one wall of relatively Llight cenptrusticn @ssigned o blew dugy
guickly in csso of explesion. The puogsr dusise of thess eudisles
bas been hampered by the paunicy of duin on tha ewmut g2d §lsewl.
buticn of blast fmpulse, ia case of suplosion, to the walls éﬁv&&%
ons cubfcle from adjeceat cubieles. %his i@@iﬁa 1idl, of esusk

be affected by o anwsber of vepisbles of 4125
cepte é@scra&w heseln wive siSplifisd to @%@%
aebles considered to be of major iogsrdence.

The principal varisbles of ¢hie eset woep i chorpe olgp, 40
location withia ¢he enclosad spaes, o 1be dlitge @«eﬁ *&%1% asonsd
opecs. The teste werv cosdested wslzy 1% ennls twiels of & cypdeul
gtorsge cubiele, both wwmdified ond i?&fﬁ%s iy Soddflentingge &)
sodificasien Baing 6 e&%@seﬁ@ﬁwﬁ soduanton o bk of ald wedte,




wm&wwmwmﬁheﬁ&wwmﬁ&wgm te
other finsnatons, ke cublelss wars ssalyd culy fn their é&w&m. .
m mwe wed seds To simmlsts well mososs, shivagihs or w
weistics. The volls wetn aids of s@.ul aid waxe mmzmly
m assoive than chelz comuvetn oowmkerparts. TRy wers essentially
S22 Co wave, wsanma $a peol mazy by chair evn fmoreia end
€ M&m eﬁeiz batcon adges ond the etesl plote upsn
M g&a m&&s {affectively)

8 belew

lzs dalivceas to che valle weve
883 4tvelf, and by chm uze of
2, The ﬁym plng pz0es vere slenimen « lindsre
w@ %m &%ﬂmﬁ% the suedece of the ver-

Por walt aven a& 466 particsisr le
ﬁemw%éf sﬁm

ol 5o the ﬂ?&é & VWW setion of the eatire
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Blectric Blesting Gzp. Pour simvs of l/6-2eale ohsrad wore ubed.
Thoy were choosn to sipressnt full ecale waights zaegins from 360
to 2600 pounds in a typicel efsa of storags cubicile {u cuszist use,
Thus their digmesers wore scaiesa in the zatio 1/§, sad ehely
woights in the ratis {i/6)°. The fmtermediste ssigito were chosss
go &8 to paovide @ gm%:rzeal pregzesam gongtant of 1.86,
Baduced snd full scile waighte gre cospaved i the follesias tabio:

Full 8ise 385 1ta. 566 Lbke. 1080 10s. 2825 1ks,
£aall Geale £.3% ibs. 2.6 1%, 6.91 1be. 9,26 1.

211 auclosures were construsted usisgy Z-fmch thick oteel plates
with sguave edges. Thres, or less, of chese plstes were dtood S
edge in a U-shaged plan, eswﬁmé fm&%@“e, eeGu o haavy stesl
plate lying on the ground. Their srramgswuznt and dissssiens aze
choen 4o Pigure 1. Tke fatexior dimensicas of the sealed enclomurs
designaced Type C are une-sixth those of a full-siss ceomage cublele
hevizng this sszwe designscion. The dimensicns of the ssalad wiﬁ»
sure designated kglf “C" wers thosa of m ssms cubicle eich bodght
of walls geduced fa the ratio 5/8. e Sizmsusions of the dewdl
wﬁiﬁs waye thosa of ¢he Type “C% m@: that che width s

Y. ¥ £ )
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The plug geges used for fspulce weasursnsnss wive cylinders
i tuch in diempter by ome fach long, michined fros 081 vouwnd alw-
miows psr otoek. Thsy wers positisned im é&&éi@é Boles fn the wall
plates as chown i Piguee 1. %o vedute bisding or Sofctinn, e
hole 1-1/% fnchos in dizmeter was drilled aﬂ%ié wa é@@ fm s':%
outsids of each 2 fah ehs.c& %wel gﬁa&a. B grovide
alé inch ia chiolas: BUREOER &&é ] ,%a @2@3
The placo were emﬁ@n@ ﬁﬁe%ﬁ Son w& m& to ghavide fvoadsm

of wotion with a minieun clesrsnce. & lighe m&ﬁm aﬁ gtlicens
grease vas uged for lubricetica.

In e~oh test & single chavze zed g9 ehas AiD osates
wes in 1 =p with eczs fsterssstiso of s foem tup 5 L2re HIB
positicne, Thus, o5 may b ¢een fn Pigure i, theve wers afup &ish
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possibiz chargs positions in the two lergor cubicles ond oiz such
pozsible gositions inm che emallest. The chavges wsre suspended
in the selected position from a 1light metsl zod lying ceross the
top of the cubicle., Thy thoec cwmeller sizes of charge wore sus-
ponded in a 1143t nyloa mech kair net. The 9.3 pound cpherus were
supported by 2 inch wide strips of nylon mesh. Pesiticas of the
charges were ssintained to within £1/4 inch of the selected point.

three 149mm Fastaw cumerss wece used to record motion of both
tho flyimg plug gages and the wall itsolf. The arrungsmsant of cubi-
cles, cameras end bachkground grids may be geen i Nigure 14, To
evoid the chscuring effect of ayplosive products, it wes nscessary
to posicion ¢he grids ssversl fest awsy from the cubicles in the
direction of plug flight. The emtirve flight of the plugs could
sot be Zollowed, therefore, ead thus it was nacessary to positively
iéencily each plug with its original position in the wsll by a
sspazite weass. The use of color filam, color eoding of plugs and
careful focusing of cameras op the expscted peth of the plugs meds
pasitive {dentification possible, even with che largest nusber of
piuge ussd. The reference grids hed a white background wil.
1/8 inck wide 1imes, two inches spart. Tramelational velocity of
ke ceater of uase of each plug end the walls was computed from
Cisplsceneat v Cime soasurements cn the file end copvertesd to

The ca
by ecach wall wse

cazgutation of impulss receivsd by imdividusl pluge and
baged on the following:
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fince the plug has & finite aren 4 over vhich e force or pressurs
P is spplied then By fefieition the fzpulse is:

t
Is P
G
buc P = F/A = gal/a
17
then £ = m/4 A ii(e)étaaZQ&B

The time durstion ¢; i8 the peried Juring which the shoch precesse

P is spplied to the cubicle wall., Thiec snslysic reguivap the
assuption that z & o during the periocd o ¢o ¢, ; cor ‘dgraticas
discuseed bolow indicate that this sossmptiocn is vom. _dls.

4n snalysis of =zximun erxewrs fa izpulse vesulting fivm gir
drag end msasuremsnt orror asy be foumd ie Appendix B.

ﬁeguggg %é Bigowaninn

Values of the ismpuloe vevoivad gt selected potuts of the w 'l
for the varfous tegt couditicas svs chown in Pigures 2 shrouph

¥ gd»
Ezssioation of thege data reveale thae in gessral thore is sztfs-
factory reproducibility and golf-comsistency of zespits. Io cases
uhere a charge is located symeustrically vith respoet to s wails

the some tapulse would be expected at eguivalent podmes. The

apread in thess valuss is indicstcd on & mumbor of tha graghs. &
sinilar spread of values 16 indicated in ssveral izsteuces whors
tests ware repested. Self-consistency fo dndicsted By the siailavity
of patterns of életributien of fmpulee o9 chargs wsight is vaziad,
kolding othsr parsmeters congdent.

&2 an additional check upoa the orvers in the ducs, valsss ee
totel ispulee for individusl placeps weze detomzised by two in
ent owana. The totol ecmentum (end hance upriisd fzpuloe) of tha
platc, ednce its mass wee kawwa, could be ée&mmé guite cusily
from velocity of its cencer of mass., Tio sotel meeniud of the plete
was cstimsted from plug gage date by fitties of <l ééza to £EIPeLe0
euefaces through smitiple vegression ansliysis. e vesponss ocurfaces
were thea integrated to cbiain total fspuiss. Sous meeaiasy ie

3
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favolved in the process since the distribution of ispulse cutside
thes measured points is not knowm, and may change drasticslly, as
for imstence by corper reflection. The numbers used for compari-
son were obtained by assuming the average of the fmpulse within
ths area bdounded by known values, would bz the average for the
entfrs plate. %The compavisons cculé be made for & rather large
number of the total values, and sre shown in Appendix A.

It will be noted that the tctal impulses calculated from the
dete points are generally sumewhoat ewmaller than thoge megsured
feom the motion of the entire plste. In a few cases, however,
thin L2 reversed and a few agree quite well. It would be possi-
bie, though it was not done because off lack of time, to make addi-
tisnal checks using the rotational vellocity of the plate. A pro-
cedure has beer wozked out to do this. This would give some
inforzscion g9 to the distribution of impulse which could be uged
for better fltting of data points to response surfaces.

COMCLUSICNE

Tha use of msdeling for measurement of the magnitudes and
diseribution of fspulse i{n partially vented enclosures is s praec-
tical procedure. Varistion of parameters other than the onas uzed
in this atudy could easily be done. Yor instence, -frangible tops
or frouts could b2 included or a variczty of shapes could be
employed. In & nuaber of cases a sulEiciendy gosd measure of
msagaiteds and distribution of ispulse might be obtainable froam
motion of the entire placte mass for considerabdly less effozt in
data reduction then with the plug geges. Further eimplifization
of che plug sage procedure might also be possible, such as by uze
of olectronic vell~*ty msasureswnt instead of the use of cemera.

1. Johnsea, ¥. T., Pstterson, J. D., II, ead Olson, W, C,, "A
Siaplo Muchanical Hethod for Heasuming the Reuflected Impulise
of Air Blest Waves", BEL Memorandus Ssport No. 1087, Abardsen
Proving Grownd, Haryland, July 1957

2. Bewoy, J. H., Johason, O. T., Patterson, J. De II, “Machanical
Ispuice isasnremsnts Close to Explosive Charges", ERL Report
By, 1182, Abspdeen Proving CGround, Maryland, Bovamber 1962.
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